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Final Project Report

"Liquid Crystalline 3d Porphyrin Complexes

N00014-84-K-0403 to James P. Collman

August 24, 1988

Introduction

The following is a final report summarizing the project goals and the work which was accom-

plished under the Navy Contract "Liquid Crystalline 3d Porphyrin Complexes," Contract

number N00014-84-K-0403. The original contract was to be terminated 06/30/87, but was

twice extended for six-month periods without additional funds so that the overall contract

period encompassed by this report is 7/84-6/30/88. Throughout the period of this contract

only a single experimental coworker was employed-at first a postdoctoral, Dr. Laughlin

McCullough, who took employment with the Eastman Kodak Company in December, 1987,

and thence a graduate student, Matthew Zisk (who is still at Stanford).

Project Goals

These are to prepare novel materials composed of transition metal porphyrin or phthalocya-

nine derivatives linked in a polymeric form. The linkage is either through bidentate bridg-

ing ligands such as oxide or cyanide or by direct metal-metal bonding. Partially-oxidized

derivatives of these materials are expected to manifest unusual solid-state properties such as

electrical conductivity, optical absorption in the infrared, and (in specific cases) collective

magnetic properties. Our initial studies explored mesodiscotic liquid crystalline phtahlocya-

nine complexes, but as these proved difficult to characterize structurally, we then turned

our attention to simple porphyrin derivatives of the 4d and 5d metals, especially ruthenium

and osmium. We have developed a synthetic scheme to prepare liquid crystalline porphyrins

which should prove more amenable to study and purification than the liquid crystalline

phthalocyanines.



Accomplishments

We prepared a series of second and third row octaethylporphyrin complexes having cyanide

and pyrazine as axial ligands. These substances are polymeric and, when oxidized, show

evidence for electron transport down the polymer chain. This work was brought to fruition

with three publications (see below)."

We then turned our principal attention to the synthesis of liquid crystalline phthalocya-

nine complexes. We experienced difficulties in making large quantities of these interesting

ligands, but eventually we were able to obtain adequate amounts of the free-base ligands.

We made many attempts to introduce ruthenium into these liquid crystalline substances,

but the results of these experiments were sporadic. The ruthenium-substituted phthalo-

cyanines proved very difficult to purify and characterize. These compounds are especially

interesting, since the presence of multiple bonds between the ruthenium centers should sta-

bilize the mesodiscotic state. In this state partially oxidized units should exhibit facile

electron transfer along the phthalocyanine core. The resulting materials are expected to ex-

hibit ferromagnetism through the agency of electron exchange between pairs of antibonding

doubly-degenerate ir-orbitals associated with the ruthenium-ruthenium double bonds. We

have previously shown that corresponding ruthenium porphyrin monomers spontaneously

form discrete metal-metal bonded dimers which can be selectively oxidized to mono and

dications (work supported by NSF). Those substances exhibit formal bond orders 2, 2.5, and

3. These diverse redox couples exchange electrons in solution by rapid outer-sphere elec-

tron transfer. We thus expect that a mesodiscotic liquid crystalline analogue would exhibit

the same phenomenon in the solid-state and, according to McConnell's 1964 hypothesis,

ferromagnetism might be observed below a "Curie temperature." Towever, our studies in -

this regard were frustrated by two factors-firstly, we were unable to obtain pure ruthenium

derivatives of the poorly tractable liquid crystalline phthalocyanines. Secondly, we were frus-

trated by structural techniques for analyzing the resulting system. Three techniques would

seem appropriate to examine these structures. These are: EXAFS (which should show the .

ruthenium-ruthenium bond distances), low-angle X-ray scattering (which should reveal the
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presence of the mesodiscotic state), and solid-state NMR (which might directly distinguish

between the mesodiscotic state and the "herringbone" state). To that end we have explored

EXAFS structural analysis of the neutral, monocationic, and dicationic ruthenium octaethyl-

porphyrin dimers. Using as a standard an earlier X-ray crystallographic study of the neutral

dimer, we were able to employ EM:AFS to identify the metal-metal bond distances in these

three redox couples. This work has been written up and is being submitted to Chemical Com-

munications. The work was done in collaboration with Professor Keith Hodgson (Stanford

Chemistry); EXAFS studies were performed at the Stanford Synchrotron Facility. We have

not yet addressed the issue of low-angle X-ray scattering nor solid-state NMR spectroscopy

of the liquid crystalline compounds. In future studies (supported by NSF) we intend to

pursue these approaches.

In the past few months we changed the direction of our synthetic efforts and have been

working towards the synthesis of analogous mesodiscotic liquid crystalline porphyrin com-

pounds. Published syntheses of such compounds are based on lengthy, linear sequences and

yield very small amounts of liquid crystalline material [Gregg, B.A.; Fox, M.A.; Bard, A.J.

J. Chem. Soc., Chem. Commun. 1987, 1134; and references therein.]. We have developed a

promising approach to the synthesis of mesodiscotic liquid crystalline phthalocyanines, and

have carried this about halfway (See Figure I). This work will be continued under support

from NSF.

During the lifetime of this contract we have achieved only modest success; however, this

work may eventually result in the synthesis and characterization of polymeric porphyrinic

complexes which exhibit truly unusual optical, electrical, and especially magnetic proper-

ties. Our early studies on liquid crystalline compounds were frustrated by difficulties with the

synthetic chemistry-both organic and inorganic aspects. These difficulties now seem to be

resolved. We have also developed collaborations for future studies of these compounds. For

example, we have arranged for magnetic measurements of our compounds at DuPont Central

Research in collaboration with Dr. Joel Miller, who has recently discovered ferromagnetic

interactions in organometallic solids. We have also established a strong collaboration with
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Prof. Keith Hodgson in the context of EXAFS studies, and we are developing an asso-

ciation with Hodgson on low-angle X-ray scattering. A high-field NMR spectrometer has

now been installed at Stanford in Geology, and we have developed an association with Prof.

Jonathan Stebbins of that Department. We have also collaborated with Professor William A.

Little (Stanford Physics) in electron-transport and optical measurements of our conducting

porphyrin polymers.
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Figure I Synthesis of Liquid-Crystalline Porphyrins

1) KH 
EtO OEt

2)BzO ___ + EtOOC ---- COOEt - HCECH O
A

H NJ

Ph 0

Ph

EtO OEt OH OH NRR ° NRR'

OA 0 1) (COCI) 2
O'4'1 \O KOH O2) RR'NH

MeOH
NNN N

ph0O H H

RR'N 0 R" 0 NRR'

NRR' NRR' 0
0 0 1) R"CHO/Lewis Acid 0. -N HN

2) 02 or chloranil R

N 0H
H

RR'N NRR'
RR'N 0 R" Oj NRR '

Reaction sequence carried out completely for R = R' = Et, R" = H.

Secondary Amine Synthesis

0 1) POCI3

R-NH2  K 2CO 3  R, N R 2)NaBH 4/EtO R NCH2.R

R'-COCI H H

Reaction sequence carried out completely for R = Me, R' = n-CIIH 23 and R = n-CoH21,, R' = Me
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